This study aimed to evaluate the distribution of superantigen gene profiles and the presence of exfoliative toxin genes in community-acquired meticillin-resistant Staphylococcus aureus (CA-MRSA) isolated from Chinese children, and simultaneously to assess virulence gene profiles and genetic background. Of the CA-MRSA isolates, 88.9 % (88/99) harboured toxin genes, with sek as the most frequent toxin gene (62.6 %), followed by seq (61.6 %), seb (60.6 %) and sea (35.4 %). The eta gene was detected only in one ST398-IVa-spa t034 strain. The sed and etd genes were not found in any of the isolates tested. A total of 38 virulence genotypes were observed, of which the genotype seb-sek-seq (27.3 %, 24/88) comprised the majority, followed by sea-seb-sek-seq (18.2 %, 16/88). The enterotoxin gene cluster including seg-sei-sem-senseo-seu predominated at a rate of 15.1 %. The relationship among toxin genotypes, toxin genes encoding profiles of mobile genetic elements and genetic background was analysed. Among 66 clonal complex (CC) 59 isolates, 87.9 % (58/66) were positive for toxin genes, and 75.8 % (50/ 66) harboured the toxin gene combination seb-sek-seq. Among seb-sek-seq-positive CC59 strains, 42.0 % (21/50) also carried the sea gene. CC59 corresponded exclusively to accessory gene regulator 1 (agr-1). The data presented here enhance our current knowledge on the virulence determinants of CA-MRSA.
INTRODUCTION
The global emergence of meticillin-resistant Staphylococcus aureus (MRSA) began in the 1980s (Townsend et al., 1987) . MRSA has since become a major cause of nosocomial infections worldwide (Diekema et al., 2001) . MRSA is no longer solely a concern in the hospital setting because of the alarming increase in community-acquired MRSA (CA-MRSA). CA-MRSA is associated with: increased transmission and hospitalization (Fridkin et al., 2005) ; skin and soft tissue infections such as furuncles, cellulitis and skin abscesses; and, rarely, severe diseases such as necrotizing pneumonia (Francis et al., 2005) . CA-MRSA strains rapidly emerged worldwide and are now endemic in mainland China , with sequence type (ST) 59 as the most prevalent, followed by ST1 and ST338 . The ST59-MRSA-IV clone has also spread throughout the country . Holtfreter et al. (2007) proposed that the simultaneous assessment of virulence gene profiles and genetic background increases the discriminatory power of genetic investigations into the mechanisms of S. aureus pathogenesis. The molecular determinants underlying CA-MRSA pathogenic success are mostly unknown. Many S. aureus strains harbour staphylococcal superantigen (SAg) genes (Becker et al., 2003; Holtfreter et al., 2004; Omoe et al., 2005) , of which 19 have been described comprising sea to see, seg to ser, seu and tsst-1. Most are encoded by mobile genetic elements (MGEs), such as plasmids, prophages, transposons and pathogenicity islands (Baba et al., 2002; Holtfreter & Broker, 2005) . Other studies have shown that staphylococcal phage Q3 carries sea (strain Mu50), sep (strain N315) or sea-sek-seq (strain MW2) (Baba et al., 2002; Kuroda et al., 2001) . A family of pathogenicity islands carry seb-sek-seq (SaPI1 in strain COL), tst-sec3-sel (SaPI2 in strains N315 and Mu50) or sec-sel (SaPI3 in strain MW2) (Baba et al., 2002; Gill et al., 2005; Kuroda et al., 2001) . The enterotoxin gene cluster (egc), comprising seg-sei-sem-sen-seo and sometimes seu, is located on the genomic island vSAb (Kuroda et al., 2001; Lindsay & Holden, 2006) . Other SAg genes are found on plasmids (sedsej-ser) or on the antibiotic resistance staphylococcal cassette chromosome mec (SCCmec) (seh) (Baba et al., 2002; Kuroda et al., 2001; Omoe et al., 2003; Zhang et al., 1998) . Novick et al. (2001) reported that MGEs often contribute to bacterial virulence, especially in S. aureus. However, few reports have described SAg gene profiles in clinical CA-MRSA isolates (Tristan et al., 2007) , especially from Chinese patients.
This study investigated SAg gene profiles and the presence of exfoliative toxins A and D in a well-characterized collection of CA-MRSA isolated from Chinese children. Their association with clonal lineages was examined to enhance our current knowledge of the pathogenicity and evolution of CA-MRSA.
METHODS
Bacterial isolates. Ninety-nine CA-MRSA strains were isolated from eight regional hospitals across seven cities in China over a 12 month period from July 2008 to June 2009. S. aureus was identified by colony morphology, positive catalase reaction and coagulase test (Oxoid). The presence of meticillin resistance was evaluated using a cefoxitin disc (30 mg; Oxoid). The presence of mecA and nuc genes was verified by PCR (Bignardi et al., 1996; Brakstad et al., 1992) . To avoid over-representation, only the first isolate from each patient throughout the study period was included.
Cases that satisfied the international criteria for CA-MRSA infection as indicated by the Centers for Disease Control and Prevention (USA) (Millar et al., 2007) were included in this study. The isolates were recovered from several clinical sources: sputum (50), pus (34), blood (4), puncture fluid (from cellulitis) (2), secretions (from conjunctivitis, trauma and upper respiratory tract infection) (5) and pharyngeal swabs (4). The sources of the strains are provided in Table 1 .
Twenty ST239 hospital-acquired MRSA (HA-MRSA) isolates from sputum (nine), pus (three), blood (two), puncture fluid (from joints and thoracic cavity) (two) and secretions (from trauma and upper respiratory tract infection) (four), and an ST59 HA-MRSA strain isolated from impetigo (one) were used as controls for the distribution of genes of interest. These strains were collected over the same time period and from the same hospitals as the CA-MRSA strains.
DNA isolation. All isolates were cultured on blood agar and incubated overnight at 37 uC. DNA (including genomic DNA and plasmids) was isolated from all strains with a DNA extraction kit (Saibaisheng), according to the manufacturer's instructions, and used as template for PCR.
Multilocus sequence typing (MLST) and data analysis. MLST was carried out by the methodology described by Enright et al. (2000) . The allelic profile of the S. aureus isolates was obtained by sequencing internal fragments of seven 'housekeeping' genes and submitting the results to the MLST home page (http://www.mlst.net), where seven numbers depicting the allelic profile that defined the ST were assigned. The eBURST algorithm was used to assign MLST clonal complexes (CCs) (http://eburst.mlst.net). Among the 99 CA-MRSA isolates, 14 STs were obtained (ST59, ST338, ST1, ST910, ST45, ST5, ST965, ST1409, ST88, ST398, ST509, ST239, ST217 and ST1349), which belonged to 11 CCs (CC59, CC1, CC30, CC45, CC88, CC398, CC509, CC8, CC2 and one singleton) .
Detection of SAg genes and exfoliative toxin A and D profiles.
Each isolate was tested by six multiplex PCRs according to the method of Holtfreter et al. (2007) for the genes: (i) sea, seh, sec and tst; (Holtfreter et al., 2007) .
Control strains. Control strains for the PCR-based assays included A920210 (egc, eta and agr-4), CCM5757 (seb, sek, seq and agr-1), Col (seb, sek, seq, mecA and agr-1), FRI1151 m (sed, sej, ser and agr-1), FRI137 (sec, seh, sel and egc plus seu and agr-2), FRI913 (sea, sec, see, sek, sel, seq, tst and agr-1), N315 (sep, sec, sel, tst, egc, mecA and agr-2), TY114 (etd and agr-3) and 8325-4 (no SAg genes) (all kindly provided by Professor Bröker, University of Greifswald, Germany).
Statistical analysis. Contingency tables were used to compare the prevalence of a particular SAg gene or agr (accessory gene regulator) type between CCs. P values of ¡0.05 were considered statistically significant. Statistical analysis was carried out with the SPSS v.11.5 software package (SPSS).
RESULTS

Prevalence of toxin genes and their relationship with genetic background in CA-MRSA isolates
Among the 99 CA-MRSA samples, 88.9 % (88/99) harboured SAg genes. The most frequent toxin gene was sek (62.6 %), followed by seq (61.6 %), seb (60.6 %) and sea (35.4 %). None of the investigated isolates harboured sed or etd. The eta gene was detected only in one ST398-IVa-spa t034 strain. A comprehensive overview of the numbers of strains containing each toxin gene and the MLST CCs are shown in Table 3 . Among the 66 CC59 isolates, the most prevalent genes were seb (80.3 %, 53/66), sek (78.8 %, 52/ 66) and seq (77.3 %, 51/66). Among CC1 were seh (100 %, 8/8), sek (75 %, 6/8) and seq (75 %, 6/8). Among CC5, seg, sei, sem, sen and seo were harboured by 71.4 % (5/7) of isolates. All four CC30 isolates were positive for sec, seg, sel, sen and seo. All four CC45 isolates were positive for seg, sei, sej, sem, sen, seo and ser. The other CCs contained one or two of the genes tested.
Toxin genotypes and their relationship with MGEs in CA-MRSA isolates
Thirty-eight toxin genotypes were detected among the gene-positive CA-MRSA strains, as shown in Analysis of the genetic background of CC59 showed that the most common genotype was seb-sek-seq (36.4 %, 24/ 66), followed by sea-seb-sek-seq (24.2 %, 16/66). For the possible MGEs in CC59, the most prevalent were SaPI1 (75.8 %, 50/66) and QSa3mu (40.9 %, 27/66). The other clones are shown in Table 4 .
Relationship between agr groups and genetic background of CA-MRSA isolates
The agr groups of the CA-MRSA isolates are provided in Table 5 . A total of 97 isolates were classified into one of the four agr groups, with 68 strains belonging to agr-1, 5 belonging to agr-2, 17 belonging to agr-3 and 7 belonging to agr-4. Two isolates were negative for agr PCR. Analysis of the genetic background showed that the agr-1, agr-3 and agr-4 groups all contained more than one CC, whereas agr-2 was found associated only with CC5. Of the CC59 CA-MRSA, 97.1 % belonged to agr-1.
Toxin genotypes and agr groups in HA-MRSA isolates
Among the 20 ST239 HA-MRSA isolates, three kinds of toxin genotype were observed. The most prevalent was seasek-seq (85.0 %, 17/20), which was carried by QSa3mw. Two strains contained sek-seq and one strain only had the sea gene. No other toxin genes were found. The ST59 HA-MRSA isolates were sea-seb-sek-seq positive. All 21 HA-MRSA corresponded to agr-1.
DISCUSSION
This is believed to be the first study to report on the classical and newly described SAg genes and the presence of exfoliative toxin genes in CA-MRSA isolates collected from Chinese children using multiplex PCR. The results showed that 88.9 % of the CA-MRSA isolates harboured between 1 and 12 toxin genes, with 38 toxin genotypes identified. The most common SAg gene combination was seb-sek-seq, harboured by 54 CA-MRSA isolates, with 92.6 % found in CC59. Diep et al. (2006) reported that, in the USA, ST59 : USA1000 CA-MRSA also contained seb-sek-seq. Takano et al. (2008) reported that ST59 CA-MRSA harboured the seb gene in Taiwan. The seb-positive ST59 strain was also recently found in Japan (Higuchi et al., 2010) . It is interesting that seb-sek-seq, especially seb in ST59 strains, is found in different geographical regions. Among the CC59 strains, the second most prevalent genotype was sea, carried by the staphylococcal phage QSa3mu. A total of 27 CC59 strains harboured the sea gene, whilst 21 sea-positive CC59 stains also carried seb-sek-seq. This indicated that QSa3mu and SaPI1 often co-exist among CC59 CA-MRSA isolates. Moreover, sek-seq without seb was found in four CC1 strains, whereas other reports (Fueyo et al., 2005; Holtfreter et al., 2007; Omoe et al., 2005) found seb without seq-sek. The genes seb-sekseq are usually clustered in SaPI1; thus, finding sek-seq without seb, and seb without seq-sek, may suggest that new SaPI1 variants existed among the CC1 CA-MRSA samples in this study. 
sea, seb, sek, seq, sec, tst, see
QSa3mu+SaPI1+sec+tst+see seh, seb, sek, seq, sec, sel, tst-1
sec, sel, tst-1, seg, sen, seo, sej
seg, sei, sem, sen, seo, sej, ser, sek
Virulence gene profiles in Chinese CA-MRSA Holtfreter et al. (2007) and Layer et al. (2006) reported that seb is rarely observed in tst-positive isolates. tst and seb isolates are usually located on two different but related SaPIs, either of which integrates into the same genomic locus (Lindsay et al., 1998; Novick, 2003) . However, of 14 tst-positive CA-MRSA isolates, nine were positive for seb (five belonged to ST59, two to ST910, one to ST338 and one to ST1). This implied the existence of variants or new types of MGEs, and that there may be an unknown evolutionary mechanism underlying this. Further investigation is required.
The seh gene exists beyond the right boundary of SCCmec and is restricted to the CC1 genomic background (Baba et al., 2002) . Of 13 seh-positive CA-MRSA strains, 5 belonged to ST338 and 8 to ST1. ST338, belonging to CC59, has been reported only in mainland China and Taiwan (Chen & Huang, 2005) . The five seh-positive ST338 strains belonged to SCCmec V, whereas the eight seh-positive ST1 strains belonged to SCCmec IV. CC59 with both ST59 and ST338 is prevalent in mainland China, but no ST59 isolate contained the seh gene. This implies frequent acquisition and loss of SAg-carrying MGEs within lineages (Holtfreter et al., 2007) .
The sej gene was detected in six CA-MRSA isolates, and four sej-positive strains were positive for ser. The four sedsej-positive strains belonged to ST45 whilst the other two sej-positive isolates belonged to ST910. The sej and ser genes were encoded by at least two types of plasmid, including plasmid pF5 and the sed-carrying plasmid pIB485 (Omoe et al., 2003) . The sed gene was not detected in this study; thus, only plasmid pF5 may be present among our strains. In contrast, Hu et al. (2008) reported that both kinds of plasmid existed in Japanese clinical S. aureus isolates.
The egc comprised seg, sei, sem, sen and seo; sometimes seu is prevalent among S. aureus strains. This study showed an egc prevalence of 15.1 %, with the most prevalent egc combination being seg-sei-sem-sen-seo (66.7 %, 10/15). This egc cluster was present in all CC5, CC22 and CC45 isolates. These results concur with a previous report on cases in Germany (Holtfreter et al., 2007) . The results also demonstrated that this kind of egc-carrying genomic island vSAb is strongly linked to CCs regardless of geographical distribution. Moreover, Holtfreter et al. (2007) reported that an egc variant was almost exclusively linked to the CC30 background. This egc variant was characterized by an sem allelic variant that escaped detection by standard PCR because of mutations within the binding site of the sem forward primer (GenBank accession no. EF551341) and an additional seu gene. In this study, three isolates with this egc variant, which belonged to ST910-CC30, were also found.
Previous research has reported that Swiss (Liassine et al., 2004) and Japanese (Yamaguchi et al., 2002) exfoliative toxin-producing CA-MRSA strains were associated with impetigo. In this study, one isolate with the eta gene, degc contains seg-sen-seo. §egc contains seg-sei-sen-seo-seu.
D. Wu and others
belonging to ST398-SCCmec IV-spa t034, was isolated from the sputum of a girl diagnosed with pneumonia. Liassine et al. (2004) explained that similarities between Japanese and Swiss strains may be attributed to the eta gene, and SSCmec IV was successfully integrated into the genetic background of the peculiar agr-3 strains. This could have happened to the agr-1 Chinese strain in this study. ST398 with t034 is a typical livestock-associated spa type. The seh gene was also detected in S. aureus isolates from Inner Mongolia (a province of China) collected from milk samples of cows with subclinical mastitis (Wang et al., 2009) . Further tracking of the epidemiological evidence of CA-MRSA in livestock-producing environments is needed.
The expression of most virulence factors of S. aureus is controlled by the agr locus (Jarraud et al., 2002) . S. aureus strains can be subdivided into four major agr groups, agr-1 to agr-4 (Jarraud et al., 2002) . The agr locus belongs to the core variable genome and is strongly linked with clonal lineages (Jarraud et al., 2002; . The results showed that each CC was found exclusively within one agr group, supporting the theory proposed by Wright et al. (2005) that the evolutionary divergence of the agr system was an early event in the evolution of staphylococci and long preceded the development of the nucleotide polymorphisms presently used for genotyping. Holtfreter et al. (2007) reported five blood culture isolates that could not be typed with the agr multiplex PCR system. In this study, two isolates, one from blood and one from secretions of a wound infection, could not be typed with the same method. This could be attributed to a deletion in the agr locus.
Among CA-MRSA, the most common SAg gene combination was seb-sek-seq, which was carried by SaPI1. In ST239 HA-MRSA, the most common combination was sea-sekseq, which was carried by QSa3mw. ST59 HA-MRSA strains were sea-seb-sek-seq positive, which is similar to CA-MRSA. This indicates that the exchange of MGEs may be associated with clonal lineages, regardless of whether they are CA-MRSA or HA-MRSA.
In conclusion, the toxin gene characteristics of Chinese CA-MRSA, especially CC59, explored in this study enhance our current knowledge of the virulence determinants of CA-MRSA. Our results concur with previous reports, albeit with some differences (Baba et al., 2002; Diep et al., 2006; Higuchi et al., 2010; Holtfreter et al., 2007; Hu et al., 2008; Layer et al., 2006; Liassine et al., 2004; Takano et al., 2008; Wright et al., 2005) . The distribution of toxin genes was closely linked to the genetic background (CC) of the strain. Some gene combinations suggested the possibility of the existence of variants or new types of MGE. The number of isolates is given in parentheses. agr negative indicates a negative result by agr PCR.
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